We studied the threshold voltage degradation in M0SFETs caused by the ion-channeling through the poly-silicon gate in the 1ow accelerati-on source/drain ion-implantation process, and investigated the influence of the degradation phenomena on the VLSI circuit operation. It was clarified that the short channel transistor is nuch morb sensitive to the ion channeling than the long channel transistor, which provides nehr problems of small size transistor design in VLSI circuits.
Intro4uction
The ion channeling through the polysilicon gate in the self-aligned source/ drain ion-irnplantation process causes the degradation of the device characteristics, such as flat band voltagii and threshold voltage. Several analyses of the ion-implantation channeling have-been reported as a function of acceleration voltage or stopping oxide thickness in high acceleration energy ionimplantationTr2).
However, even in the much lower acceleration energy ionimplantationr u€ observed the threshold voltaBe, Vthr degradation in short channel M0SFETs. This phenomenon doesntt always occur in all the transistors, but only a few transistors degrade, unlike the case of high acceleration energy, where all transistors degrade. The probability of degraded transistots rapidly increases with decreasing the channel length. This degradation phenomenon becomes a difficult problen in device miniaturization. 0n the other hand, the Lightly Doped Drain (LDD) structure transistor is the most promising for device design to achieve reliable short channel transistors.
If stopping layer, such as resist mask, is f orrned on the poly-silicon gate, the degradation is suppressed. However, in case of the LDD q\ process '), no rdsist mask can be used at the source/drain lmplantation process. The stopping oxide nask formed by the oxidation of the poly-silicon. gate itself can be usedr' but canrt control the gate lengt.h precisely.
So the short channel is observed on the channel-region in all the degraded transistors. This spot indicates the existence of diffusion spot of n-type i-mpurity, whose concentration is more than 1017 cm-3.5)
Degradation mechanism
From the result in Fig.2 and the fact that the occurrence frequency of degraded transistors 1s in proportion to the channel width, it is possible to describe the degraded transistor by the parallel circuit, which consists of a nornal transistor (Tr.1) with wide channel r.ridth and a degraded transistor (Tr.2) with narrou, channel width of the white spot sizer os shown in Fig.3 probability.
'So the second case is incorrect.
Therefore, it is the nost reasonable that the diffusion spot of ntype j-rnpurity in the channel is due to the ion-iurplantation channeling. Figure 4 shows the occurrence frequency of degraded transistors as a function of gate length. The solid lj.ne is sinulated using the two-dimensional device simulator, M0S2C6), and Transmission Electron Microscope (TEM) observation of the poly-silicon grain size. It is important to note that the occurrence frequency of degraded transistors increases rapidly with decrease of the gate length. Figure 5 represents the relation betveen the grain size of gate polysilicon and the occurrence frequency of degraded transistors, where phosphorus source/drain ion uas irnplanted at a dose of 1 x 1015 .^-2 by 40 keV. The grain size of the poly-silicon is distributed.
Channeling characteristics
The horizontal axis is the nean value, measured by TEM observation. The ion channeling is suppressed by the use of the mean grain size smaller than 0.1 FD. Figure 6 shows the occurrence frequency of degraded transistors as a function of .acceleration energy of ion-implantation. For the short channel (L=l.2pr), there is a large dependence of acceleration enerByr while there is no dependence .for the long channel (L=20pm) in the energy region lower than 80 keV. If the thick stopping oxide on the gate is formed by the oxidation of the poly-silicon gater the ion channeling 1s suppressed. However 2) The degradatlon is attributed to the hump structure in IA-VS characteristics, vhich is caused by the diffusion spot of n-type inpurity due to ion channeling. 3) Short channel MOSFETs are much more sensitive than the long channeL ones to the ion channeling. 4) The degradation has strong correlation to the graln size of poly-silicon gate ,and is suppressed by the use of the mean grain size smaller than 0.1 pm when the deposition thickness of poly-silicon is 4ooo i.
We investigated the influence of the MOSFET degradation on the sense amplifier and the DRAM, and estimated the permissible level of rhe M0SFET degradation. 
